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DECIDE 
How much superphosphate 
By G. A. Robertson, Rural 
Economist, J. W . Bowden, 
Research Officer, and N. J. Halse, 
Chief, Plant Research Division 
* A 400 per cent increase in ihe 
price of superphosphate has re-
duced the economic optimum 
rates of super for crops and pas-
tures in 1975. 
* Many factors, both biological and 
economic, must be taken into ac-
count in determining the rate of 
superphosphate to apply. 
• DECIDE, a model developed by 
CSIRO and the Department of 
Agriculture, provides a formal 
system in which all these factors 
can be considered. 
• DECIDE is based on the results 
of all research on superphosphate 
carried out in Western Australia. 
However, each farmer's own 
The farmer supplies details of his farm 
to the district adviser of the Department 
of Agriculture. The information is for-
warded to the computer, which produces 
a recommended rate of superphosphate 
for each paddock 
knowledge of his farm, the soils, 
crops and animals is used to 
adapt the experimental results to 
get the best, easily available es-
timate of how much super should 
be applied to give maximum re-
turns on superphosphate expen-
diture. 
Information about DECIDE is 
available from all District Offices 
of the Department of Agriculture. 
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Farmers don't need to be reminded 
that superphosphate prices have 
nearly quadrupled since mid 1974. 
These rises and the associated gen-
eral decline in prices farmers re-
ceive have had large effects on the 
economics of fertiliser use. 
How much super should be used? 
Superphosphate should only be used 
when it is profitable to do so. A 
farmer should only apply super-
phosphate (or any other fertiliser) 
if the increased production gained 
pays for the cost of the fertiliser, 
plus an extra amount to cover risk 
and interest on the investment. 
The response of crops and pas-
tures to superphosphate is such 
that for every additional unit of 
superphosphate added, the in-
crease in yield is less than that 
obtained from the previous unit of 
superphosphate. As more and more 
superphosphate is applied, so the 
benefits from the last unit of phos-
phate applied become less and less. 
Figure 1A shows a typical res-
ponse curve for a wheat crop in 
Fig. 1.—Typical superphosphate response 
curves for (A) wheat and (B) subter-
ranean clover on a soil containing no 
native or residual phosphate 
Western Australia on land where 
there is no native phosphate (phos-
phate present in virgin soil) or 
residual phosphate from previously 
applied dressings. Most wheat crops 
in Western Australia show this type 
of response to superphosphate if it 
is drilled at seeding, although if re-
sidual or native soil phosphorus is 
present some yield will be obtained 
without the addition of superphos-
phate. 
Table 2 shows the yield, income, 
cost and financial return for a wheat 
crop with this type of response. On 
a virgin soil, at low superphosphate 
rates the return for each $3.00 (the 
cost of 50 kg) invested in super is 
high. For instance, increasing the 
superphosphate rate from 150 kg/ 
ha to 200 kg/ha costs an extra 
$3.00 per hectare, but returns $8.16 
worth of extra wheat. 
Increasing the superphosphate 
rate from 300 kg/ha to 350 kg/ha 
still costs $3.00, but the extra re-
turn is only $1.02. Thus any 
farmer increasing his superphos-
phate rate to this level will lose 
money by doing so. 
Table 2 shows that the maximum 
profit will be obtained by using 
about 250 kg/ha on a virgin soil. 
When superphosphate was around 
$18.00 a tonne (on farm) in early 
1974, the maximum profit would 
have been obtained at an applica-
tion rate of 350 kg/ha of super. 
However, these rates are for a 
virgin soil. In practice paddocks 
on most established wheat and sheep 
farms would have a "super bank" 
or residual superphosphate equi-
valent to 150 kg/ha applied in the 
current year. Thus using the data 
in Table 2 the rate of superphos-
phate that would return most profit 
in 1975 would be about 100 kg/ha 
(250 minus 150) whereas in 1974 
it would have been 200 kg/ha 
(350 minus 150). 
In a similar way it is possible to 
show where the maximum profit will 
be for pasture production. Table 
3 gives a comparison for a hypo-
thetical new land pasture in a pre-
dominantly grazing area that is 
capable of carrying 12 sheep per 
hectare, returning a gross margin of 
$5.20 per sheep. 
In 1974 when the price of super 
was $18.00 per tonne on farm, it 
can be seen that maximum profit 
would be obtained at the level of 
superphosphate that gave 96 per 
cent of maximum possible produc-
tion. However, in 1975 with a 
superphosphate price of around $60 
per tonne on farm, the maximum 
profit will be obtained at that level 
of superphosphate that gives about 
89 per cent of maximum growth. 
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Thus, when either the return per 
animal jails, or the price of super-
phosphate rises, the amount of 
superphosphate required to give 
maximum profit is reduced. If the 
farmer uses more than this eco-
nomic optimum level he will lose 
money by doing so. 
The application rates of super-
phosphate for maximum profit 
shown in Table 3 are calculated as-
suming there was no native phos-
phate or residual super in the soil. 
In an established area capable of 
carrying 12 sheep per hectare the 
residual "super bank" may be equi-
valent to 250 kg/ha of superphos-
phate applied in the current year. 
On this basis the rate for maximum 
profit in 1974 would have been 150 
kg/ha (400 minus 250), whereas 
in 1975 it would only be 20 kg/ha 
(270 minus 250). 
It is possible to calculate similar 
tables for all paddocks on a farm, 
and for all the products being pro-
duced in each paddock. However, 
as this must be recalculated every 
year, a farmer might spend all his 
time calculating super rates and 
never actually get around to farm-
ing! 
In an attempt to simplify the cal-
culations of superphosphate rates, 
scientists in CSIRO1 and the De-
partment of Agriculture2 have de-
veloped DECIDE, a mathematical 
model that can be used to predict 
the superphosphate rates that are 
most likely to give maximum profit 
for any enterprise, in any year, on 
any soil type. 
1
 D. Bennett, P. G. Ozanne 
2
 J. W. Bowden 
Moreover, DECIDE is able to 
take into account more factors than 
those accounted for in the calcula-
tions shown in Tables 1 and 2. For 
instance, superphosphate added to 
old land this year will still be worth 
half this year's value to the "super 
bank" next year. This residual value 
effectively reduces the cost of super-
phosphate applied in any one year, 
with the result that it is profitable 
to use more superphosphate than 
would be used if superphospate had 
no residual value. 
Similarly, most farmers would 
require a reasonable return on 
money invested in superphosphate. 
DECIDE allows each farmer to 
nominate the rate of return on his 
investment in superphosphate that 
he expects in his farm management 
programme. 
Table I—Changes in superphosphate prices 1773-75 
Price re-
ceived by 
manufacturer 
$/ tonne 
Subsidy 
$/ tonne 
Price to 
farmer 
Price t o 
farmer as 
% 1974 
price 
January 1973—July 1974 
July 1974—January 1975 
January 1975—July 1975 
26-51 
45-71 
56 25 
11-81 
11-81 
0 
14-70 
33-90 
56-25 
100 
231 
383 
Table 2—Relationship between yield of wheat , ra te of superphosphate, and 
profit for a typical W e s t e r n Austra l ian virgin soil. 
Total 
Amour 
of sup 
applie 
(kg/ha 
50 
100 
150 
200 
250 
300 
350 
400 
1 
Percentage 
sr o f 
. maximum 
yield 
) 
46 
... | 68 
... 1 82 
90 
95 
97 
98 
98 5 
1 
Yield of 
wheat 
obtained 
(tonnes/ha) 
-552 
-816 
•984 
1-080 
1140 
1-164 
1176 
1-182 
Increase in 
yield obtain-
ed by last 50 
kg/ha super 
(tonnes/ha) 
•552 
•264 
-168 
•096 
-060 
•024 
•012 
•006 
Value of 
increased 
wheat pro-
duced at $85 
tonne ($/ha) 
46-92 
22-44 
14-28 
8 16 
5-10 
2-04 
1 0 2 
0-51 
Cost of 
last 50 kg/ha 
super at 
$60/t . ($/ha) 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 00 
Margin 
($/ha.) 
43-92 
63-36 
74-64 
79-80 
81-90* 
80-94 
78-96 
76-53 
* maximum prof i t 
(The margin per hectare is the return f rom the wheat less the cost of superphosphate. For 
t rue profit other costs must be subtracted, such as cost of seeding, sprays, harvesting, etc.) 
Table 3—Relationship between 
Pasture 
°/ of /o OT 
maximum 
50 
60 
70 
80 
89 
90 
96 
99-5 
Super 
Rate 
required 
kg/ha 
88 
117 
152 
207 
270 
288 
400 
600 
superphosphate 
Sheep 
carried 
animal/ha 
An/ha 
6 0 
7-2 
8 4 
9 6 
10-7 
10-8 
11-5 
1 2 0 
ra te , yield of pasture anc profit for a 
1974 
Super $ l 8 0 0 / t o n n e on farm 
Return $/ha Cost $/ha 
31-20 
37-44 
43-68 
49 92 
55-64 
56 16 
59 80 
62-40 
1 58 
2 1 1 
2-74 
3 73 
4 86 
5 1 8 
7-20 
10-80 
Profit $/ha 
29-62 
35 33 
40-94 
46-19 
50-64 
50-98 
52-60* 
51-60 
clover pasture on a heavy loamy soi l 
1975 
Super $60 00/tonne on farm 
Return $/ha 
31-20 
37-44 
43 68 
49-92 
55-64 
56 16 
59-80 
62-40 
Cost $/ha 
5 28 
7 02 
9 12 
12-42 
16-20 
17-28 
2 4 0 0 
36 00 
Profit $/ha 
25-92 
30-42 
34-56 
37-50 
39-44* 
38 88 
35-80 
26-40 
36 
* maximum prof i t 
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What is DECIDE? 
Results from all experimental trials 
involving superphosphate conducted 
in Western Australia were analysed 
and it was found that most trials 
showed a response to superphos-
phate that could be related to a 
specific type of response curve 
known as the Mitscherlich curve. 
In Figure 1 the curve A is an 
example of a Mitscherlich response 
curve for wheat, while B is a 
Mitscherlich curve for a clover 
pasture on a loamy soil type. 
DECIDE is the process of taking 
these general curves, adapting them 
for the peculiarities of any indi-
vidual paddock, making allowance 
for past super applications and 
determining the most profitable rate 
of superphosphate application under 
prevailing economic conditions. 
How DECIDE is adapted for the 
individual paddock 
DECIDE takes the following fac-
tors into account: 
• The types of plants grown 
(wheat, lupins, pasture, etc.). This 
affects both the gross profit and the 
shape of the response curve. For 
instance, lupins, wheat and clover 
all respond differently to super-
phosphate. 
• The yield, that the crop or pas-
ture is likely to give. This affects 
the gross profit. The higher the 
yield the higher the rate of super-
phosphate than can profitably be 
applied. 
• The soil type of the paddock. 
This can affect the shape of the 
response curve, as different soils 
may have different effects on the 
applied superphosphate. Some soils, 
such as the salmon gum soils, have 
a basic level of native phosphorus; 
this affects the yield that can be 
obtained with zero super. 
• The method of application of 
superphosphate. For instance, 
drilled superphosphate is about 
twice as efficient as topdressed 
superphosphate. 
• Time of application of superphos-
phate. Superphosphate becomes 
less available the longer it is in 
contact with the soil. Thus the 
earlier super is applied before the 
break of the season the less effici-
ent it is. The most efficient time 
to apply superphosphate is at the 
break of the season. 
• The type of enterprise. It pays 
to apply more superphosphate to a 
paddock producing high value 
animal products than to a paddock 
producing low value products. 
Similarly the higher the price being 
received for a crop, the more super-
phosphate should be used. 
• The cost of the fertiliser. As 
superphosphate prices rise relative 
to the price of the product, so the 
rate of super that will give the best 
economic return is reduced. Simi-
larly, if the price falls relative to the 
price of the product, more super 
can be profitably used. 
• The 'super history' of the pad-
dock. Superphosphate applied in 
previous years contributes phos-
phate to the crop or pasture this 
year. Generally, on old land, for 
each 100 kg of superphosphate 
applied in any one year 50 kg will 
still be available for the following 
years. In effect the size of the 
residual 'super bank' can be used to 
calculate how much additional 
superphosphate must be applied to 
bring the total available superphos-
phate up to the economic optimum 
DECIDE adapts the general response 
curves to individual paddocks and deter-
mines the most profitable rate of super-
phosphate 
& y ^ ^ 
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Table 4—Residual superphosphate value and economic o p t i m u m application 
rates—an example 
A paddock in a predominantly grazing area capable of carrying 12 sheep per hectare. A t 
12 sheep per hectare the gross margin would be $62.40 per hectare ($5.20 per sheep). 
The paddock was cleared in 1965 and had received 150 kg/ha superphosphate in each of 
the last 10 years. 
1974 (old price) 
1975 (new prices) 
1976 (new prices) 
1977 (new prices) 
1978 (new prices) 
1979 (new prices) 
1980 (new prices) 
Residual value Opt imum rate t o !
 p | d % 
of super bank I be applied
 m a x i m u m 
kg/ha kg/ha 
290 
305 
240 
225 
210 
210 
210 
150 
0 
30 
45 
60 
60 
60 
95 
91 
88 
88 
88 
88 
88 
rate as shown in Table 2 or Table 
3, for any specific paddock. 
• The return the farmer requires 
from his investment in superphos-
phate. This includes the interest 
charged on money used to buy 
superphosphate and also an allow-
ance for risk. Although money 
may be available at 10 per cent a 
farmer may believe he needs 20 per 
cent to cover the risk of a crop fail-
ure. 
How to use DECIDE 
DECIDE attempts to take into ac-
count all the major factors that may 
affect the rate of superphosphate a 
farmer should use on any particular 
paddock. 
Consequently the mathematics in-
volved can become complicated. 
However, once the routine is under-
stood the calculations can be made 
comparatively easily. 
Department of Agriculture ad-
visers in all district offices are 
familiar with DECIDE and are able 
to demonstrate, to individuals or to 
groups, the use of the DECIDE 
ready reckoner or DECIDE hand-
books. 
A much more simple method 
both for the farmer and the ad-
viser, is to use the Department's 
computer service. The computer 
takes the worries and the mathe-
matical errors out of DECIDE cal-
culations. 
The procedure is that the farmer 
supplies details of his farm to the 
adviser in the Department of Agri-
culture's District Office. The ad-
viser arranges for these details to be 
forwarded to the Department's head 
office at South Perth by Telex, if 
it is available in the country town, 
or by mail. 
At South Perth the details are 
fed into a small computer which 
produces a recommended rate of 
superphosphate for each paddock. 
An additional facility provided by 
the computer is that it is able to 
calculate the superphosphate rates 
that will give the best return when 
the farmer does not have enough 
finance available to buy enough 
super to apply it at the rates that 
will give the optimum return. The 
fanner is given the recommended 
rates that will allow him to obtain 
the maximum return for his limited 
expenditure on superphosphate. 
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The results from the computer 
are returned to the country office by 
Telex. The time taken for the 
whole operation should be less than 
24 hours. 
An example 
Department of Agriculture advisers 
have been using the DECIDE com-
puter service with farmers on a trial 
basis this season. 
One result which has worried 
farmers is that for many paddocks 
the recommendation for 1975 has 
been to apply no superphosphate at 
all. This result should not be sur-
prising because farmers who have 
been topdressing near or a little 
above optimum rates in the past 
are now faced with lower income 
per hectare and a much higher 
superphosphate price. Both these 
factors reduce the economic opti-
mum rate. Therefore applications 
in the past have been too high for 
the new situation and a nil super 
application is recommended for 
1975. Table 4 gives an example 
of a typical paddock in this situa-
tion. 
Farmers find it difficult to accept 
a recommendation to apply no 
super, believing intuitively that it 
is impossible to farm without super. 
In fact if economic conditions re-
mained the same, the recommended 
rate would rise as the residual value 
of past applications was reduced. 
The example in Table 4 shows 
recommended rates for a particular 
paddock for the next five years and 
it can be seen that the recom-
mended rate increases towards an 
equilibrium rate of 60 kg/ha. 
This rate will remain constant 
until economic conditions change, 
that is, either the superphosphate 
price changes or the prices of the 
products vary. The nil super re-
commendation in fact only applies 
for the first year, 1975 in this in-
stance. 
Reliability 
DECIDE is the most accurate 
method we have for estimating the 
best rate of superphosphate to apply 
to crops and pastures. 
However, the DECIDE recom-
mendation is not perfect. It is pos-
sible that soil testing combined with 
DECIDE would give more accuracy 
but it is unlikely that the resulting 
improvements in accuracy would be 
worth the cost of soil testing in-
dividual paddocks. 
DECIDE is an evolving model 
and in 1975 numerous trials are be-
ing conducted throughout the State 
to further test DECIDE and provide 
information that will improve the 
accuracy of future recommenda-
tions. 
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